During the latter part of the 20 th century and entering the new millennium it becomes obvious that terrorism is playing a key role as the major form of armed conflict that affects civilians. In essence, terrorism is the calculated use of violence or the threat of violence to attain political, religious or ideological goals. Intimidation, coercion and spreading of fear are but a few of the methods used by perpetrators. The modern war zone is therefore no longer remote, and civilian casualties, sometimes in large numbers, present a unique challenge to medical facilities used to dealing with a single or few trauma patients at any one time.
Urban terrorism brings about chaos and mass hysteria, together with occasional overwhelming of medical facilities, municipal or public services.
Terrorists use mostly conventional munitions and explosives, but the threat of terrorism using weapons of mass destruction is foremost in the public's mind. However, with the exception of the chemical attacks in Matsumoto (1) and the Tokyo subway (2, 3) in Japan, most significant terrorist attacks in the latter part of the 20 th and the beginning of the 21 st centuries used conventional weapons, resulting in thousands of traumatic injuries among civilians.
Terror-related injuries present a new entity of multidimensional injury, involving blast, penetrating, blunt and burn mechanisms simultaneously. Hidden bombs or suicide bombers serving as "human guided missiles" (4) cause most of these injuries. With the experience in Beirut in 1983 (5, 6, 7), the numerous suicide explosions in Israel (8), other suicide terror like in Indonesia, Iraq and Chechnya, and the urban mass casualty incidents in Madrid (2004) and London (2005) , the world has come to realize that modern terrorists are ready to go all the way, often paying with their own lives, just to make their point.
TABLE 1
Casualties due to terrorist activities since the beginning of the current "Intifada" (Palestinian uprising) -of September 2000 (Sept. 29, 2000 till August 29, 2005) CivilianS 
SUICIDE BOMBING AS A MASS CASUALTY INCIDENT
Detailed statistics of admitted casualties available from the Israel National Trauma Registry project (11) , reveal 1,155 terror-related injuries (between October 2000 to July 2002). These comprised some 85 % of all terror-related trauma admissions to hospitals across the country, and more than 90 % of all major trauma during that period. Fifty four per cent were the result of explosions, and 36 % were due to gunshot wounds (GSW). A typical urban explosion results in some 50-150 casualties, of whom 10 % die (mostly at the scene). When facing a multiple casualty incident, the local or regional trauma system should modify its mode of operation from the daily routine. The natural tendency to rush all casualties to a designated trauma center (the Israeli equivalent of a US Level 1 trauma center) should be resisted. Overwhelming a large university hospital with more than 3-5 critically injured (including chest, abdomen and orthopedic injuries) at the same time, can temporarily disrupt medical care even in the most advanced centers. Therefore, distributing casualties between several hospitals around the bombing site, some of which may be lower echelons of trauma care, is a much better option. This also emphasizes the need for all hospitals to be adequately prepared for an MCI.
THE TIERED RESPONSE TO MULTIPLE CASUALTY INCIDENTS
The Israeli hospital response to an urban bombing incident is based on a graded response, tailored to the magnitude of the incident, the capabilities of the hospital and its estimated surge capacity. There are 3 distinct tiers of activation for all acute care hospitals across the country:
Limited Multiple Casualty Incident (Level I)
Depending on the size of the hospital, this level provides an effective response for a total of 10-20 casualties with 2-4 severely injured. In-house staff will use the standard facilities of the hospital, with only key personnel called from home to reinforce the trauma service line of the hospital.
Multiple Casualty Incident (Level II)
This response level will cover an incident involving some 20-50 casualties, up to the total capacity of the ED gurneys ("a full ED"), including 4-10 severely injured patients. This incident would be dealt by the existing staff, reinforced by a limited number of surgical, anesthesia, critical care, and nursing personnel, using the standard facilities of the hospital.
Large Multiple Casualty Incident
When the casualty load exceeds the full capacity of the ED temporary treatment locations are opened in the hospital. To effectively manage this kind of incident, the entire staff of the hospital must be mobilized. It is important to point out that in all terrorist attacks in Israel since 1990, no single hospital has ever experienced a multiple casualty incident of this magnitude. This is partly due to the prudent distribution of casualties between hospitals by the EMS system.
INCIDENT MANAGEMENT AT THE HOSPITAL
The initial assessment and management of a large number of trauma victims arriving within a short time to an Emergency Department is a complicated task even for experienced providers. Moreover, in contrast to scheduled drills where staff and facilities are "geared" and ready for the event, real incidents occur randomly and with no warning. Key leadership and personnel are not always available and the staff-on-call have to cope with the situation as best they can. Furthermore, urban terror can strike within a few blocks from the ED. On several occasions, the explosion was clearly heard in the ED of a small community hospital in Jerusalem, and once hospital windows were shattered from the blast, just minutes before the first wave of casualties hit the ED door. Thus, very often there is a very short period of time to activate the hospital disaster plan.
MEDICAL ISSUES IN THE ED
Conservation of critical hospital resources is a key principle during management of a multiple casualty incident, since the ultimate number of casualties is unknown during the initial stages of the incident. The disaster plan should prepare the hospital to respond in two phases:
During the initial care phase there is an ongoing flow of casualties, chaos is maximal and the eventual number of casualties is still unknown. During this phase, "minimal acceptable care" is the guiding principle for non-critical casualties (10) . This concept essentially means empirical trauma care at a level comparable to first aid in the field, with minimal use of imaging or other precious trauma-related assets. This concept is alien to trauma systems that strive for the best possible care for each and every patient. Optimal care can not be delivered to every casualty in a mass casualty setting. Therefore, those injuries that can be delayed in their management with few adverse consequences on ultimate casualty outcome should be designated for minimal care. An example of minimal acceptable care is temporary conservative treatment for penetrating abdominal injury with peritonitis in a hemodynamically stable patient, or delay in the operative care of an extremity vascular injury. These patients can wait a few hours for laparotomy with IV fluids, antibiotics, analgesia and nasogastric decompression. This allows lifesaving procedures to be performed on the critically injured. Other examples are temporary splinting of long bone fractures (including open fractures) while more urgent procedures are performed for other casualties, or empirical chest tube placement without a chest X-ray.
The definitive care phase takes place when new casualties are no longer arriving, things are under control and optimal trauma care can be delivered in a delayed, priority-driven fashion.
It is clear that effective triage to urgent versus non urgent casualties is a key to optimizing care. This simple classification scheme differs from the previous practice to classify casualties into mild, moderate and severe categories. In addition, the designation of the so-called "expectant group", (unsalvageable casualties) is very difficult in real life, if at all possible. The "expectant" status can only be determined after thorough evaluation by a trauma team in a resuscitation bay.
USE OF IMAGING
A number of diagnostic imaging modalities are routinely used in the single trauma patient in the trauma bay. However, in an urban bombing incident, the relative benefit of these modalities must be considered in view of the time they take to perform and relative value of the information they provide. The Israeli experience has been that very few, if any, imaging studies are performed in the ED during a limited multiple casualty incident. Chest X-ray is performed only when physical examination does not explain the clinical picture, posing a dilemma. Using the logic of "minimal acceptable care", a patient with a suspected hemopneumothorax will receive a chest tube empirically and X-rays will be performed much later after the chaos subsides, unless the patient's clinical condition does not improve.
One of the most time-consuming tasks when evaluating non urgent trauma patients are X-rays to identify limb fractures and multiple shrapnel penetrations. Since these injuries are usually not high priority, they can be dealt with several hours later. Radiographs of injured extremities to identify skeletal fractures are not immediately necessary. Temporary splinting, antibiotics, tetanus immunization, and coverage of open wounds is sufficient initial management for suspected fractures until there is time for more thorough diagnosis and treatment. These patients can then be transferred expeditiously to the floor, with the intention of providing definitive care later, when the chaotic situation subsides. This practice also avoids the issue of bi-directional flow of patients in the packed ED, which can cause "traffic jams" in the corridors, creating another source of chaos (10, 13, 14) .
The CT scanner is important in casualties of explosions with multiple shrapnel injuries (15, 16) . However, during the initial phase, casualty influx into the CT scanner becomes a major bottleneck and transporting patients creates a serious logistical burden. Use of the CT scanner should therefore be limited initially to those few patients who need it for urgent management decisions. While most patients with multiple shrapnel penetration will need a CT scan to locate the fragments, only very few patients need an urgent scan. These will be patients with suspected head injury and deteriorating or low CGS and very selected cases of torso injuries. The rest can safely be transferred to the floor and await a later scan.
Since acoustic trauma and minor eye injuries (e.g. foreign bodies and smoke particles) are common in terror-related explosions, routine ophthalmologic evaluation and otoscopy are mandatory for all casualties. Sometimes, the ruptured eardrum will be the only marker of blast injury to the lung that will later develop into respiratory insufficiency and be the reason for hospitalization. However, perforated eardrums are not always associated with other blast injuries (17) and cannot reliably predict blast lung injury. Furthermore, the absence of an eardrum injury does not rule out an associated blast lung. The shear abundance of acoustic trauma in these circumstances justifies their evaluation in all victims.
EXTENT OF MEDICAL CARE IN THE INITIAL PHASE
With efficient distribution of casualties among several hospitals, roughly 10 % of the total arrivals in the ED are in need of urgent trauma care (10, 14) , These patients include:
• Casualties in need of urgent surgery to save life or limb. • Those in need of urgent ED procedures. • Patients who need urgent ICU care for physiologic stabilization of nonoperative conditions. • Those who obviously need early surgery (e.g. unstable penetrating abdominal or thoracic injuries, ischemic limbs, intracranial bleeding). • Casualties who are still alive but may be pronounced "beyond salvage" after initial evaluation.
Procedures performed in the ED include:
• Advanced airway procedures and ventilation. There is no place for ED thoracotomy in a mass casualty situation, as this would be the ultimate "futile care". Procedures are performed according to the following order:
• Surgical airway (cricothyroidotomy).
• Control of major bleeding in the torso or transition zones such as groin or axilla. • Craniotomy for neurologically deteriorating brain injuries amenable to surgery.
Rarely, when the casualty load is overwhelming, damage control surgery with abbreviated surgery should be contemplated as a means of providing additional operating room capacity. In an urban bombing scenario, this is a distinctly rare situation and should be considered only if it does not compromise the outcome of any single patient in whom damage control is being implemented. In patients who require massive transfusion, careful and deliberate decision making at a senior professional level is required to avoid investing large amounts of blood products in a single unsalvageable case. On rare occasions, the use of activated recombinant factor VII (rFVIIa) should be considered (13) .
During the late phase of definitive care, the surgical procedures are prioritized as follows:
• Vascular repair for limb ischemia.
• Non-exsanguinating bleeding torso injuries. • Suspected hollow viscus and parenchymal organ injuries.
Lower priority is given to: If it becomes clear that patients requiring non-urgent procedures will have to wait more than 24 hours for their procedure, transfer to another institution should be considered. This process is called "secondary casualty distribution".
IMPLICATIONS OF BLAST INJURIES EXPLOSION IN OPEN AND CONFINED SPACE
The nature and extent of blast injuries differ significantly between open or confined spaces (8). Casualties of a confined space explosion have much higher mortality (15.8 % vs. 2.8 % in open spaces), higher ISS scores in survivors (11 vs. 6.8), a higher incidence of primary blast injury and more extensive burn injuries. The amount of explosive material determines the force of the blast wave and hence the clinical consequences. Thus, the auditory system can be injured by overpressures as low as 2 psi (15-50 psi induce eardrum perforation in 50 % of patients), pulmonary damage occurs in 50 % of victims exposed to 70 psi, while intestinal perforation occurs with much higher pressures (18) and are especially common in underwater blasts. Exposure to pressure levels of more than 80 psi is considered lethal for more than half the cases.
The proximity of the casualty to the detonating device is also important: pulmonary or intestinal injuries occur more commonly in close proximity to the blast, while for devices of 1-25 kg of TNT, a distance of more than 16 meters protects the casualties from serious primary blast injuries (10) . Indoor explosions are characterized by increased immediate and late mortality, mainly due to the higher incidence of blast lung injury. The blast wave bounces off the walls, slowing the dissipation of the wave amplitudes (4).
CLINICAL IMPLICATIONS OF PRIMARY BLAST INJURY
The ear is especially sensitive to the blast wave and is the most common organ injured after an explosion (19) . Rupture of the tympanic membrane is a frequent finding and serves as a useful marker of exposure to the blast. This finding should therefore prompt a search for other typical, though less obvious, blastinduced injuries. More extensive injuries to the auditory system may involve discontinuity or dislocation, as well as bleeding, within the middle ear. The internal ear is rarely damaged from the blast injury mechanism (20) . Casualties with eardrum perforation are usually admitted overnight for observation, because of concerns for insidious respiratory deterioration due to blast lung. Although this concern is not substantiated by clinical data, it remains a common belief that governs discharge protocols in many institutions (17) .
Non-fatal blast exposure may result in intestinal contusions or intramural hematomas, especially in the colon where gas tends to accumulate. Paran et al found three cases of delayed bowel perforation (21) . At laparotomy, isolated perforation of the terminal ileum with no evidence of peritonitis was found, suggesting that the perforation had occurred shortly before the onset of symptoms and supporting the concept of evolving mucosal damage rather than an initially missed perforation. The overall incidence of bowel perforation is very low (0.1-1.2 %), but is increased when large amounts of explosives are used, when the victim is close to the center of the explosion or when the explosion occurs in an enclosed area (22) . Hollow viscus injuries are more common in immersion blast injuries (underwater explosions), since the blast force that is needed to cause this effect in open-air explosions is usually fatal (10) .
The lungs are particularly susceptible to primary blast effect. Primary lung blast injury (PBI) has been reported in 0.6-8.4 % of blast victims (6, 22, 23) . For survivors of the initial blast, the extent of lung injury is a major determinant of subsequent mortality (24) . The radiological appearance and clinical picture are that of pulmonary contusion. The lung injury is worse on the side of the blast in open air bombings but tends to be bilateral in enclosed space explosions (25). Pizov et al described a grading system for estimating the severity (and prognosis) of blast lung injury in 15 survivors of two bus explosions in Jerusalem (26) . The grading was based on oxygenation impairment (P/f ratio), the presence of a bronchopleural air leak and the extent of pulmonary infiltrate on chest X ray.
Air embolism is another recognized complication of blast injury and may be one of the main causes of cardiac dysfunction, neurological impairment and immediate death in blast casualties (27) . The severe disruption of alveoli that occurs from the spalling at air:liquid interfaces in blast lung predisposes to this.
Following suicide bombing, severe primary lung blast injury proved to be a complex challenge requiring elaborate and advanced respiratory and hemodynamic support in a large number of critically ill patients arriving simultaneously and causing overflow in intensive care units. The sudden appearance in the ED of several patients with rapidly deteriorating respiratory status, immediately in need of sophisticated respiratory support, is a unique situation typical of suicide bombings. Advanced ventilatory support technologies that have been helpful include various modes of Pressure Control Ventilation, Jet Ventilation, High Frequency Oscillatory Ventilation (HFOV), use of Nitric Oxide and even the use of Extra Corporeal Membrane Oxygenation (ECMO) as a last resort. HFOV may prevent further over-distension of the damaged alveoli, and has been used successfully in a number of casualties with severe lung injury (26) . The use of extracorporeal membrane oxygenation, which has been attempted in the most critically ill, carries significant dangers of aggravating pulmonary bleeding from systemic anticoagulation. Evidence of pneumothorax should be aggressively sought and treated. Although unsupported by the literature, some providers propose empiric bilateral chest tube insertion whenever a patient with sever blast injury requires positive pressure ventilation. Alveolar hemorrhage may develop abruptly with devastating consequences, and massive haemoptysis may require insertion of double lumen tubes and independent lung ventilation. The mortality is determined by the severity of lung injury (26) , and varies from 0% in mild cases to >60%in severe ones (4).
SECONDARY BLAST INJURY
Secondary blast injury is due to penetration of bomb fragments and other projectiles (28) . To increase the likelihood of such injuries, metal or plastic particles (such as steel pellets, nails, screws and nuts) have been added to the explosive charge carried by the suicide bomber. Depending on their velocity and shape, these low velocity projectiles penetrate the body and cause a spectrum of injuries from trivial lacerations to deep, life-threatening wounds of the heart, liver or brain.
Several key issues in the management of multiple small shrapnel penetrations remain unresolved. For example, there are no agreed guidelines for imaging using plain X-rays or "total body" CT scan to locate multiple fragments. There is also no consensus on the best approach to patients with multiple small penetrations of metal projectiles, many of whom remain asymptomatic. Some of these projectiles find their way into deep visceral organs such as the brain or heart. Roughly 47-57 % of severe injuries in survivors and 86 % of fatal injuries are due to primary blast (29) . However, most injuries in survivors were related to secondary and tertiary mechanisms (30) . The most common injuries were to the head, mostly as soft tissue lacerations. Traumatic brain injuries were less frequent in the cumulated Israeli experience. Blast fragments may also carry environmental debris into the wound (31) . Penetrating trauma of the chest and abdomen, resulting in pneumothoraces, lung contusions and injuries to abdominal organs are frequently seen following an urban bombing. Some victims will present with injuries to the eyes, usually the result of projectiles causing scleral abrasions, dislocation of the lens and perforation of the globe.
The human remains shrapnel is perhaps the most horrendous of all shrapnel. These are the terrorist's bone chips that behave as other projectiles and confront the trauma care providers with a host of emotional, ethical and infectious disease implications (32) . Late in 2001, a female casulty of a suicide bombing was brought to Hillel-Yaffe hospital with a penetrating neck injury (33) . Neck exploration revealed a piece of bone embedded in the neck musculature, which proved to be from the suicide bomber by DNA analysis. The bomber was also Hepatitis B positive. An urgent guideline was immediately issued to immunize all casualties of suicide bombings who have their skin breached. Another casualty had an asymptomatic chip of the terrorist's bone embedded in his lung. Since then, three other instances of human remains shrapnel have been documented in the Israeli experience.
CLINICAL CONSEQUENCES OF TERTIARY AND QUARTERNARY BLAST INJURIES
The tertiary mechanism of blast injuries follows standard patterns of blunt trauma. However, when presenting in combination with other injuries and within the context of multiple casualty incidents, management of these injuries may differ from that of the single patient with similar injuries.
Burns are commonly seen in urban bombing incidents (34) . Superficial burns (usually involving large body areas) are caused by the flame of the explosion. This flame is of a very short duration and therefore typically cause superficial "flash" burns. Another type of burn is caused by fires ignited by the explosion. Casualties who cannot escape from the flames end up with deep 2 nd and 3 rd degree burns covering variable areas of the skin. In the context of multi-dimensional injury, where the burn injury is only one of many in a casualty, the management becomes complex and difficult. Since these patients are distributed between various hospitals it is likely that many will end up in a hospital that does not have a designated burn unit. Secondary distribution of these casualties should be strongly considered.
OTHER INJURIES AND MEDICAL PROBLEMS
Traumatic amputation from blast is associated with very high mortality (only 9 of 52 servicemen who sustained traumatic amputations in Northern Ireland survived). There has been only one patient in the recent Israeli experience who may have survived a traumatic limb amputation caused by the blast effect (4). Even in this case, it is unclear whether the amputation was caused by the mere blast effect or by flying shrapnel. It is thought that brisance, the shattering ability of the blast wave, that can cause massive destruction of a limb in casualties very close to the blast is different from the blast force that amputates a limb. Since there were several fatalities ob-served at the medical examiner office who suffered traumatic amputation, it is believed that these powerful forces usually cause fatal lung injury that render the casualties unsalvageable, explaining why traumatic amputations are so rare in survivors.
Neurological impairment during the early posttraumatic period after blast exposure has been attributed to air emboli in cerebral vessels. However, ultrastructural findings of neuronal swelling, glial reaction and myelin debris in animals exposed to blast to the chest with head protection, suggest that the kinetic energy of the overpressure wave may be transferred to the brain, causing diffuse axonal injury and initiating secondary injury (35) . These changes may explain the frequent EEG changes and neurological symptoms noted in blast casualties, including retrograde amnesia, mental blockage, apathy, psychomotor agitation and anxiety (18) .
Another effect that has recently been attributed to the blast wave is transient profound hemodynamic instability, characterized by bradycardia, hypotension without compensatory peripheral vasoconstriction, and hypoxemia -all without evidence of external injury (36) . The initial bradycardia starts about 3 seconds after the primary blast, reaching maximal effect at 10-15 seconds, while hypotension, which may be severe, and short periods of apnea, have been reported to occur immediately. Although these symptoms, especially hypotension, may be the result of myocardial injury, hypovolemia, or cor pulmonale, recent experimental evidence suggests that this triad may also be due to activation of a pulmonary vagally-mediated reflex (36) .
THE SPECTRUM OF STRESS REACTIONS
Acute stress reaction (ASR) affects some 20 % of casualties in terror related explosions. Those with no physical injury pose a special problem because they do not require admission, but nonetheless are often admitted. These casualties require extensive attention from psychologists, psychiatrists and social workers. Hence, a special site should be assigned for these patients where evaluation and counseling can be performed without interfering with the care of critical casualties.A SR is a normal reaction to a very stressful situation. This is the immediate reaction to stress, with impaired response to external stimuli due to mental detachment that ensues as a compensatory protective mechanism. Other symptoms include decreased awareness and ability to listen, overwhelming anxiety with physical signs such as tremor, hyperventilation and sweating. Other behavioral changes can be dissociation, re-experiencing the event, avoidance, hyper alertness, depression, anger, despair and a sense of guilt.
Contrary to many providers' belief, only when the symptoms persist for more than 48 hours should Acute Stress Disorder (ASD) be considered. Early implementation of psychological support can reduce the rate of ASR developing into post-traumatic stress disorder (PTSD), which is a chronic condition and difficult to treat. Drugs such as benzodiazepines are in common use for these mental states, but other drugs, such as investigational use of beta-blockers and selective serotonin reuptake inhibitors may have a role in treating these patients in the future.
CONCLUSION
Over the last 11 years, the hospital response to terror related limited mass casualty incidents has been refined in Israel as a result of the extensive and continuous experience with these events. The development of the principle of "minimal acceptable care" for non-urgent casualties was implemented, while the ability to provide optimal care for urgent unstable casualties has been preserved.
The clinical experience with urban terrorism has confronted trauma care providers with unique injury patterns. The primary lung blast injury proved to be a central issue in the critically injured, while bizarre penetrating trauma patterns due to nails, pellets, screws and nuts presented unusual challenges to trauma surgeons.
Several issues in the hospital response to urban terrorism remain unsettled. The need for mandatory CT scanning for multiple shrapnel injuries is one such issue. The extent of optimal surgical debridement for multiple small shrapnel wounds remains ill-defined. Over the years many lessons have been learned, through thoroughly performed "after-action" debriefing, at the prehospital and hospital levels.
